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AMMONIA-N REMOVAL USING SOIL MIXED CULTURE:
FACTORIAL ANALYSIS
ABSTRACT
Ammonia-N content in the soil around poultry farm can harm on the poultry
itself because it can cause diseases and the worst effect is mortality; causes the breeders
to have a great number of losses. This research studied the factors that influence
ammonia-N removal using soil mixed culture in order reduce the ammonia-N content in
soil around the poultry farm. The ammonia-N solution treated with soil mixed culture
that believed containing high density of soil mixed culture microbes. These microbes
undergone some reactions that reduced the ammonia-N concentration. The parameters of
this research were agitation, reaction time, type of soil, temperature, and soil to water
ratio. Preliminary experiments conducted to find the suitable reaction time, were done
by treating ammonia-N solution with UMP soil. The five factors were applied for 32
runs experiment, involving poultry farm soil, UMP soil and ammonia-N solution. The
experimental design was done by Design Expert software. The single factor that gave
highest contribution was type temperature (16.84%) while for interaction factor, type of
soil-temperature showed the most significant removal with 9.1%. Verification
experiments done using poultry farm wastewater treated with UMP and PF soil. Run 3
(no agitation, 5-hours reaction time, 1:6, PF soil, 250C), Run 4 (no agitation, 5-hours
reaction time, 1:6,  UMP soil, 250C ) and Run 7 (no agitation, 2-hours reaction time, 1:1,
PF soil, 300C) removed 48.28%, 48.28% and 41.38% of the actual ammonia-N
concentration in poultry farm wastewater accordingly. The error of predicted and actual
percentages removal of Run 3, 4 and 7 were 1.25%, 0.71% and 2.39% respectively. The
coefficient r2 of this model for factorial analysis was 0.8383. Optimization on the factors
in nitrification process is highly recommended.
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PENYINGKIRAN AMMONIA-N DENGAN MENGGUNAKAN KULTUR
CAMPURAN TANAH: ANALISIS FAKTORIAL
ABSTRAK
Kandungan ammonia-N dalam tanah di sekitar kawasan ternakan ayam  boleh
mendatangkan bahaya kepada ternakan kerana boleh menyebabkan pelbagai penyakit
dan yang paling buruk adalah kematian yang boleh menyebabkan penternak kerugian.
Jadi, kajian ini mengkaji faktor-faktor yang mempengaruhi penyingkiran ammonia-N
dengan menggunakan kultur campuran tanah untuk menyingkir ammonia-N di sekitar
kawasan ternakan. Cecair ammonia-N dirawat dengan menggunakan tanah yang
dipercayai mengandungi kultur campuran tanah yang tinggi. Bakteria-bakteria ini
menjalankan rantaian reaksi yang mengurangkan kepekatan ammonia-N. Beberapa
pendekatan dijalankan iaitu agitasi, tempoh reaksi, jenis tanah, suhu, dan nisbah tanah
kepada air. Uji kaji awalan dijalankan untuk mengkaji tempoh reaksi yang sesuai, telah
dilakukan dengan merawat cecair ammonia-N dengan tanah UMP. Lima faktor
diaplikasikan dalam 32 uji kaji, melibatkan tanah di sekitar kawasan ternakan, tanah
UMP dan cecair ammonia-N. Reka bentuk uji kaji dilakukan dengan menggunakan
perisian Design Expert. Faktor tunggal yang menyumbangkan peratusan terbesar adalah
suhu (16.84%) sementara untuk faktor interaksi, jenis tanah-suhu menunjukkan kesan
paling ketara dengan peratusan sebanyak 9.1%. Ujian pengesahan dilakukan dengan
menggunakan sisa kumbahan kawasan sekitar ternakan, dirawat dengan tanah UMP dan
tanah sekitar kawasan ternakan. Uji Kaji 3 (tanpa agitasi, 5-jam tempoh reaksi, 1:6,
tanah PF, 250C), Uji Kaji 4 (tanpa agitasi, 5-jam tempoh reaksi, 1:6, tanah UMP, 250C)
dan Uji Kaji 7 (tanpa agitasi, 2-jam tempoh reaksi, 1:1, tanah PF, 300C) masing-masing
mengurangkan 48.28%, 48.28% dan 41.38% dari kepekatan asal cecair ammonia-N
dalam sisa kumbahan ternakan. Ralat nilai penyingkiran ramalan dan sebenar untuk Uji
Kaji 3, 4 dan 7 masing-masing adalah 1.25%,0.71%, dan 2.39% . Pemalar r2 dalam
model ini untuk analisis faktorial adalah 0.8383. Pengoptimalan faktor-faktor dalam
proses nitrifikasi adalah sangat digalakkan.
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1CHAPTER 1
INTRODUCTION
1.1 Background of Study
Recently, so many paper works had reported that, in poultry industry, the poultry
breeders facing losses because a number of their poultry cannot be sold due to health
problem. The health problems among the poultry is mainly due to the high concentration
ammonia-N, in which is excreted from the poultry itself in the form of nitrogen. This
ammonia-N concentration must be reduced as low as possible in order to maintain the
poultry health and the workers as well. But the solution of this problem seems not well
evolved. If the nitrification-denitrification process is fully utilized and manipulated, this
2poultry problem can be resolved. This fact can be proved because the first substrate
consumed in nitrification process are ammonia, NH3 and ammonium, NH4+. If this
biological process is utilized wisely, the ammonia-N will be used up and its
concentration around the farm will be reduced as much as possible. Thus the losses
problem in poultry industry can be solved. By using Design Expert, this study will find
the effectiveness of the soil mixed culture in reducing ammonia-N concentration to the
possible lowest value and analyze the interaction between the factors of the experiment.
1.2 Problem Statement
In poultry industry, due to some health problems, a number of the poultry cannot
be sold. This causes the poultry breeders to have a great number of losses. The poultry
has some health problems due to the high concentration of ammonia in the surrounding
environment of poultry farm. At certain level of ppm or mg/L, ammonia-N content will
causes decrease in appetite, loss in weight of poultry and the worst case is mortality.
This concentration must be reduced as low as possible to avoid losses in poultry
industry. So, the aim of this study is to minimize the ammonia-N concentration by using
soil mixed culture. The soil is believed to contain high density of mixed culture
microbes that involved in nitrification process. Since nitrification process consume
ammonia as the first substrate to proceed, this research brings good news to poultry
industry because the poultry’s health can be improved.
31.3 Research Objective
The main objective of this research is:
i. To study the factors that influence ammonia-N removal using soil mixed culture
1.4 Scope of Study
The scopes of this study are:
i. To do preliminary experiments to find the suitable reaction time with using
shake flask.
ii. To use soil mixed culture to reduce ammonia-N concentration in poultry farm
wastewater
iii. To compare the effectiveness of two types of soil mixed culture in reducing
ammonia concentration.
iv. To do screening two level of factorial by Design Expert software.
v. To analyze the interaction of the factors by using Design Expert software.
41.5 Significance of Study
The factorial analysis on ratio of soil to water composition in water-soil solution,
temperature condition, agitation speed, reaction time and type of soil that believed
affecting the ammonia-N removal in ammonia-N  solution using soil mixed culture will
be studied in this research. The interaction between these factors will be analyzed by
utilizing Design Expert software. Then model equation for two factorial analysis can be
obtained. Verification of this model will be done in validation tests involving  poultry
farm wastewater is to, thus allowed the prediction of the removal rate.
5CHAPTER 2
LITERATURE REVIEW`
2.1 Introduction
This chapter reviews characteristics of ammonia, effects of ammonia-N toward
poultry, the process of nitrification, factors affecting the nitrification, and two level of
factorial. The study done on 2004 by Ritz et al. shows that, the poultry consume the
nitrogen supply from their feed like corn, soy, wheat and grain, that contain amino acid.
6The consumed nitrogen then excreted in large amount. This is because, first,
usually the feed composition is not well balanced in term of amino acids ratio. Second,
from the consumed amino acids, only about 33% are digested and the remaining amino
acid is being excreted. Wong (2005) adding that, the excretion product from poultry are
in the uric acid form. The uric acid then converted into urea before further converted to
ammonia by hydrolysis, mineralization process.
2.2 Characteristics of Ammonia
Ammonia has chemical formula of NH3 or in ionized form, is NH4+ and has
molecular weight of 17g/mol. Shakhashiri (2008) and Brigden and Stringer (2000)
support that, the boiling point of ammonia is around -33 to -350C. Because ammonia
easily liquefied, it useful as in refrigeration system while its volatile alkaline make it
suitable for household cleaning agent (Brendel et al., 2000). According to Auburn
University (2002), Moghadassi et al. (2008), Shakhashiri (2008), Ritz et al. (2004),
ammonia is a colorless irritant, corrosive, reactive and toxic gas with sharp pungent
smell. Ammonia is used to make fertilizers, explosive, plastics and fuels (Wisconsin
Department of Health Services, Bureau of Environmental Health, 2012; and Shakhashiri,
2008).
72.3 Ammonia-N in Sewage
Ammonia-N is the analyte of ammonia quatitated based on the trivalent nitrogen
concentration (analyte: a compound or element tested for by the method referenced in
this research) (U.S. Environmental Protection Agency Office of Water, 2001). Sewage is
water-carried wastes, either in the form of solution or suspension, intended to flow away
from a community after has been fouled by a variety of uses.  Sewage, which is also
known as wastewater flow, is used water supply of the community. It contains more than
99.9% pure water and is characterized by its volume or its physical flow rate condition,
chemical constituents and the bacteriological organism that it contains. Depending on
their origin, wastewater can be classified as sanitary, commercial, industrial,
agricultural, runoff (Sanamdikar and Harne, 2012), residential, and municipal
wastewater (Gross, 2005).
2.4 Composition of Ammonia-N in Wastewater
A considerable amount of literature has been published on properties of
municipal wastewater. Based on the study done by Yusof et al. (2010), the municipal
solid water (MSW) from Kuala Lumpur city was mainly generated from the household
8around this city. Based on the data of their study, MSW from Kuala Lumpur around
March until May 2008 consist of following parameter as stated in Table 2.1.
Table 2.1 Characteristic of Stabilized Leachate (March-May 2008)
(Source: Yusof et al., 2010)
Parameter (mg/L) Range Mean values (Standard Deviation)
N-NH4+ 500-2450 1452 (872)
N-NO3- 0-16.2 5.6 (7.9)
alkalinity 2300-10900 6618 (3730)
Siripong and Rittmann (2007) also had studied on municipal wastewater. Their
samples were taken from seven WRPs of the Metropolitan Water Reclamation District
of Great Chicago.  The samples were taken in winter season and summer season. The set
of data were as Table 2.2.
9Table 2.2 Characteristic of Water from Seven WRPs of the Metropolitan Water Reclamation District of Great Chicago
(Source: Siripong and Rittmann, 2007)
WRP Source of Influent Inf TKN(mg/L) Eff NH3-N (mg/L) Eff NO2- + NO3- (mgN/L)
Winter set Calumet
industrial and
residential 27 0.22 9.7
Egan residential 35.7 0.13 13.5
Hanover Park residential 37.1 0.8 12
Kirie
industrial and
residential 32.8 0.19 5.4
Lemont residential 34.4 0.09 20.6
North Side
industrial and
residential 24.5 1.9 6.6
Stickney
industrial and
residential 41.7 0.7 12.4
Summer set Calumet
industrial and
residential 21.1 0.11 6
Egan residential 28.4 1.3 6.1
Hanover Park residential 41.3 0.29 12.2
Kirie
industrial and
residential 25.7 0.38 7.1
Lemont residential 26.2 0.17 13.9
North Side
industrial and
residential 19.5 0.75 7.7
Stickney
industrial and
residential 33.6 0.56 8
9
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According to Table 2.3, seed sludge from the aeration tank at Tai Ping
Sewage Plant in Harbin, China had about 28.2-44.6 mg/L of ammonium-N
concentration.
Table 2.3 The Characteristic of Sample from Aeration Tank at Tai Ping Sewage
Plant in Harbin, China
(Source: Wang et al., 2012)
ABS factory is located at Tainan County, Taiwan, studied by Popuri et al.
(2011) had TKN of 340-670 and ammonium-N about 103-400mg/L and the other
characteristics were presented in Table 2.4
Table 2.4 Characteristic of Wastewater from ABS Factory
(Source: Popuri et al., 2011)
Characteristic Items Range Mean values (Std Dev) mg/L
TSS (mg/L) 131-152 142 (8)
COD (mg/L) 2200-4700 3970 (1320)
BOD5 (mg/L) 800-2400 1440 (490)
TKN (mg/L) 340-670 540(120)
NH4+-N (mg/L) 103-400 320 (75)
NO2--N (mg/L) 0-1.8 0.64 (0.5)
NO3--N (mg/L) 0-2.9 1.45 (1.0)
Characteristic Concentration (mg/L)
COD 274-396
TN 30.6-45.9
NH4+-N 28.2-44.6
SS 2850
VSS 1980
